A new rapidly growing, scotochromogenic mycobacterium was isolated from urine. This strain is thermophilic (it grows at 65"C), tolerates 5% NaCl, and was unable to utilize any of the sugars tested or citrate or to take up iron. The isolate splits benzamide, urea, nicotinamide, and pyrazinamide and is sensitive to streptomycin, ethambutol, cycloserine, ciprofloxacin, and chlarithromycin but resistant to isoniazid, rifampin, and prothionamide. These characteristics clearly place this organism in a new mycobacterial species, which was confirmed by the unique 16s rRNA nucleotide sequence. The high level of similarity between this rapid grower and Mycobacterium xenopi is surprising. For this new rapidly growing scotochromogenic and thermophilic mycobacterium we propose the name Mycobacterium hassiacum sp. nov.
chromatography without further purification by using an RP-18 column (250 by 4mm) filled with Lichrospher 100 (particle size, 5 mm). The column was kept at 40°C. Acetonitrile-isopropanol(65:35, vol/vol) was used as the mobile phase. The flow rate was 1 ml/min (13, 14) .
Extraction and analysis of fatty acids. Fatty acid methyl esters were obtained from 40 mg (wet weight) of cells by saponification, methylation, and extraction by using minor modifications (16) of the method of Miller (18) . The fatty acid methyl ester mixtures were separated with a model 5898A microbial identification system (Microbial ID, Newark, Del.), which consisted of a model 5980 gas chromatograph (Hewlett-Packard Co., Palo Alto, Calif.) fitted with a 5% phenylmethyl silicone capillary column (0.2 mm by 25 m), a flame ionization detector, a Hewlett-Packard model 3392 integrator, and a Hewlett-Packard model 7673A automatic sampler. Peaks were automatically integrated and fatty acid names and percentages were calculated by the Microbial Identification System standard software (Microbial ID). The gas chromatographic parameters were as follows: the carrier gas was ultrahigh-purity hydrogen; the column head pressure was 60 kPa; the injection volume was 2 pl; the column split ratio was 1OO:l; the septum purge rate was 5 ml/min; the column temperature was increased from 170 to 270°C at a rate of 5"C/min; the injection port temperature was 250°C; and the detector temperature was 300°C.
Extraction and analysis of mycolic acids. Freeze-dried bacteria (50 mg) were degraded by treatment at 75°C with 3 ml of a methanol-toluene-sulfuric acid mixture (30:15:1, vol/vol/vol) for 16 h (20) . Long-chain components were extracted with hexane, and traces of acid were removed by passage through a short column of ammonium hydrogen carbonate. The hexane extracts were examined by thin-layer chromatography, using plates (20 by 20 cm) coated with silica (H Merck GmbH, Darmstadt, Germany) (0.5-mm layers) and a developing mixture containing petroleum ether (bp, 60 to 80°C) and diethyl ether (85:15, vol/vol).
For two-dimensional chromatography 10-by 10-cm plates with 0.5-mm silica layers (Merck) were used. The plates were developed three times with a mixture containing petroleum ether and acetone (955, vol/vol) in the first direction and then once with toluene-acetone (97:3, vol/vol) in the second direction.
Determination of the DNA G+C content. DNA was isolated by using previously described procedures (31) . Approximately 20 mg of DNA was hydrolyzed and dephosphorlylated as described previously (17) . Nucleosides were separated by reverse-phase high-performance liquid chromatography. The apparatus used consisted of an LKB model 2150 high-pressure pump equipped with an LKB model 2151 UV detector (270 nm) connected to a Shimadzu model CR-3A integrator. The analytical column was a NUCLEOSIL 100-5C18 column (240 by 4 mm) equipped with a NUCLEOSIL 100-5C18 precolumn (20 by 4 mm); the solvent system of Tamaoka and Komagata (30) was used. The retention times of the nucleosides were determined with synthetic compounds. Nonmethylated lambda phage DNA with a G + C content of 49.858 mol% (25) was used as a calibration reference. The G + C contents were calculated automatically with a Shimadzu integrator.
PCR-based amplification of 16s rDNA. A single colony of the mycobacterial strain was collected from LJ medium, and chromosomal DNA was extracted as described previously (22) . A 1-pg portion of bacterial DNA was subjected to PCR with each of the following primer pairs: primers M285 and M264 (12) to obtain a 1,030-bp amplification product of the 16s ribosomal DNA (rDNA) 5' end; and new primer R247 (GTAGTCCACGCCGTAAACGG) and primer M261 (12) to obtain an approximately 760-bp amplification product of the 16s rDNA 3' end. Broad-range eubacterial primers M285 and M261 were combined with genus-specific primers M264 and R247 to produce a 246-bp overlap between the two amplicons. Standard amplification mixtures were incubated at 95°C for '' S, scotochromogenic; P, photochromogenic; N, nonphotochromogenic.
-, les5 than 15% of the isolates are positive; +, more than 85% of the isolates are positive; V, 16 to 85% of the isolates are positive; ?, weak reaction may occur.
M. hasyiacum grows at 65°C.
'' M. tht~rmorrsistibile grows at 52°C.
2 min, at (78°C for 1 min, at 95°C for 1 min, at 68°C for 1 min, and at 95°C for 1 min. Immediately afterward 35 cycles of the following temperature profile were applied: 95°C for 40 s, 55°C for 40 s, and 72°C for 1.5 min. The PCR mixtures were extracted with phenol and subjected to agarose gel electrophoresis. Extraction and purification of the amplicons were performed with a QuiaEx-I1 purification kit (Qiagen GmbH, Hildcn, Germany). DNA sequencing. Cycle sequencing reactions for the 16s rDNA amplicons were carried out as described in the PRISM Ready Reaction DyeDeoxy terminator cyclc sequencing kit protocol (1) . Optimal results were obtained with the following lonvard and reverse sequencing primers: primer M285 (12) and new primer R928 (CCTTTGAGTTTTAGCCTTGC) for the 1,030-bp amplicon; and new primer R24Y (GGATCCGTGCCGTAGCTAACGC) and primer M261(12) for the 760-bp amplicon. The fluorescence-labelled reaction products were analyzed with a model 373A automated DNA sequencer (Applied Biosystems GmbH. Wciterstadt, Germany). Interpretation of the results was accomplished with the help of the SeqEd 1.03 software package (Applied Biosystems).
Sequence and phylogenetic analysis. Comparison and alignment of the 16s rDNA nucleotide sequences were aided by the Sequence Analysis package, version 8.1 (Genetics Computer Group, Madison, Wis.). Analysis was based on mycobacterial 16s rDNA sequences published previously and available from the GenBank and EMBL databases. Calculation of distance matrices and construction of phylogenetic trees were carried out with the help of either the unweighted pair group with mathematical average method or the neighbor-joining algorithm of the Sequence Analysis Package, version 8.1.
Nucleotide sequence accession number. The nucleotide sequence of the noncoding (RNA-like) strand of the 16s rRNA gene of Mycobacterium hassiacum sp. nov. has been deposited in the GenBank database under accession number U49401.
RESULTS
Microscopy and culture. Strain 3849T showed partial acid fastness like other rapid growers (7, 21). After growth at 60 to " -, usually present in less than 15% of the isolates; +, usually present in more than 85% of the isolates; (+), usually present in 16 to 85% of the isolates; V, positive reaction observed in 16 to 85% of the isolates; ?, usually absent or a weak reaction is possible. 65°C the rods were longer and thinner than after growth at 37°C. The strain was scotochromogenic and grew within 2 to 3 days after inoculation. The morphology of the colonies was dependent on the incubation temperature. At 37°C the colonies were about 2 to 5 rnm in diameter and moist but slimy in dense growth. After growth at about 60°C the colonies were distinct but more or less dry. Strain 384gT also grew at 65"C, which was remarkable. Higher temperatures seemed to favor growth.
The isolate tolerated 5% NaCl and was unable to utilize any of the sugars tested or citrate or to take up iron. Enzymatic activity was low; no accumulation of niacin, no reduction of nitrate, no hydrolysis of Tween 80, and no arylsulfatase activity were observed. In contrast, catalase was detected and was not inactivated by heating at 68°C. The strain possessed benzamidase, urease, nicotinamidase, and pyrazinamidase. The acid phosphatase activity was weak. The strain was susceptible to streptomycin (4 mg/liter), etharnbutol (1 mdliter), cycloserine (16 mdliter), ciprofloxacin (0.5 rndliter), and clarithromycin (0.5 mdliter) but resistant to isoniazid (1 mg/liter), rifampin (32 mgliter), and prothionamide (32 mg/liter).
Chemotaxonomic analyses. The cell walls of strain 3849T contained arabinose and galactose as major cell wall sugars, and meso-diaminopimelic acid was the only diamino acid. MK-9(H,) was the predominant menaquinone, and small amounts of MK-8(H2) were also found. An analysis of the fatty acids from whole cells revealed a pattern of straight-chain, saturated and unsaturated fatty acids along with significant amounts of tuberculostearic acid (10-methyl octadecanoic acid). Two alcohols, octadecanol and eicosanol, were also present ( Table 3) . Strain 3849T could not be identified on the basis of its fatty acid pattern by using the MIDI mycobacterial database. One-dimensional thin-layer chromatography of whole-organism acid methanolysates of strain 3849T indicated that this organism synthesizes mycolic acids that include a-mycolates and wax esters. Two-dimensional thin-layer chromatography resulted in a more precise separation of the components, especially the a-mycolates, the a'-mycolates, and the keto-mycolates, but only a-mycolates and alcohols could be detected.
G+C content. The G + C content of strain 3849T was 65.8 mol%.
16s rRNA sequence analysis. Using the strategy of Kirschner et al. (12) and selecting appropriate PCR and sequencing primers, we determined an almost complete nucleotide sequence of the gene coding for the small 16s rRNA subunit (Fig. 1) . When it was compared with 60 mycobacterial 16s rRNA sequences, the sequence of strain 3849T was found to be unique (data not shown). Detailed examination of the 16s rRNA sequence demonstrated complete homology in genusspecific regions, but revealed a number of differences in species-specific regions. In particular, the highly variable region (2) contained a stretch of 24 nucleotides which differed significantly from the nucleotides in other mycobacterial species (Fig. 1, positions 180 to 210) . As in some other thermotolerant mycobacteria, a one-nucleotide insertion was observed at position 186 of the 16s rRNA gene within helix 10 (28). An additional two-nucleotide insertion at position 221 (Eschen'chia coli 16s rRNA gene position) appeared to be unique for strain 3849T. In contrast to the majority of the slowly growing mycobacteria but like several fast-growing mycobacteria, a short helix 18 was observed (28) .
Phylogenetic analysis. In addition to allowing rapid and unambiguous species identification, the availability of the 16s rRNA sequence allows phylogenetic relationships to be studied (12, 23). A phylogenetic tree inferred from the results of the sequence similarity analyses (Table 4) is shown in Fig. 2 . Elements of this tree have been reported in previous phylogenetic studies (23) . Comparisons with every mycobacterial 16s rRNA sequence available revealed that the highest degree of phylogenetic relatedness was the degree of relatedness with Mycobacterium xenopi (Fig. 2) . Although M. hassiacum is a rapidly growing mycobacterium, its 16s rRNA sequence places it in a phylogenetic subgroup whose only member is the slowly growing organism M. xenopi (level of similarity, 94.20%).
DISCUSSION
If acid-fast bacteria are detected in human specimens and are atypical mycobacteria, it is important to decide whether there is an infection or colonization. For this decision identification of the isolate is necessary. Strain 3849T was isolated 
Nocardia asteroides

FIG. 2. Phylogenetic tree for selected members of the genus Mycobactenurn
Nocardia asteroides was used as the outgroup. The tree was inferred from the data in Table 4 based on the unweighted pair group with mathematical average algorithm of the Sequence Analysis software package (version S.l), using standard parameters. Bar = 10 nucleotide differences. from urine only once and is, at least for our patient, apathogenic. This finding is in agreement with the finding of clinicians, who wanted to exclude an infection of the urogenital tract. It is also consistent with practical information because rapid growers never seem to be related to infections of the urogenital tract. Such infections do occur very rarely after surgical intervention (9).
M. hassiacum is easy to distinguish from other mycobacteria. The most important property for identification is growth at 65°C. No other mycobacterium seems to be as thermotolerant as M. hassiacum. Growth at 53°C has been observed only with Mycobacterium phlei and Mycobacterium thermoresistibile (1 1 ,  15, 24) , and other mycobacteria grow at 60°C (8). In addition, the inability to utilize any sugar is remarkable, and splitting of benzamide has been observed in only three other rapidly growing species (Table 2) .
M. hassiacum has the typical combination of chemical markers which are diagnostic for all species of the genus Mycobacterium, including meso-diaminopimelic acid and arabinose plus galactose in whole-cell hydrolysates, quinone MK-9(H2), a fatty acid pattern composed of unbranched saturated and unsaturated fatty acids plus tuberculostearic acid, and mycolic acids having a chain length of about 90 carbon atoms. The occurrence of two alcohols, 18:O and 20:0, in the fatty acid pattern (free of wax esters) placed M. hassiacum in a fatty acid cluster which also contains Mycobacterium avium, Mycobacterium intacellulare, Mycobacterium scrofulaceum, Mycobacterium terrae, and M. phlei. Consistent with the results described above, molecular evidence that strain 3849T belongs to a novel species in the genus Mycobacterium comes from the 16s rRNA sequence, which is unique. Within the species-specific 16s rDNA region, there are significant differences from other mycobacteria, and these differences may provide a unique target region for DNA probes or nucleic acid-based diagnostic procedures for specific detection of M. hassiacum.
Regarding the molecular signature sequences in the 16s rRNA gene, a one-nucleotide insertion was observed at position 186 in helix 10 and an additional two-nucleotide insertion was found at position 221 (E. coli 16s rRNA gene positions). According to Springer et al. (28) , a two-nucleotide insertion in helix 10 allows the isolate to be assigned to a subgroup of rapid growers characterized as thermotolerant. In this study a threenucleotide insertion was observed which corroborates the phylogenetic position of M. hassiacum within the group of rapidly growing mycobacteria. Moreover, the short helix 18 in the 16s rRNA gene of M. hassiacum represents the typical molecular signature af rapidly growing species.
Sequence analysis of the 16s rRNA gene is a very successful method for bacterial identification, and several species have been detected only by this technique. The identities of Mycobacterium genavense and Mycobacterium malmoense, for example, could be misinterpreted without sequence analysis (10). In contrast, other species are easily distinguished by conventional procedures but cannot be differentiated on the 16s rRNA level. For example, Mycobacterium tuberculosis and Mycobacterium bovis, Mycobacterium kansasii and Mycobacterium gastri (23), and M. malmoense and Mycobacterium szulgai show a 16s rRNA sequence similarity value of 99.9% (23) .
The phylogenetic position of rapidly growing strain 3849* among the slow growers is unexpected and very similar to the position of M. xenopi (Fig. 2) . A similar observation has been made with Mycobacterium simiae, which occupies an intermediate position between the slow growers and the rapid growers. This could be explained by the presence of sequence elements typical of slow and rapid growers (23) . Although phylogenetic trees give valuable information, it is hard to understand why, for example, M. bovis and Mycobacterium marinum show a level of sequence similarity of 99.4% and behave so differently in conventional tests.
Description of Mycobacterium hassiacum sp. nov. Mycobacterium hassiacum (has.si'a.cum. M. L. adj. hassiacum, referring to the German province of Hesse, where the organism was first isolated). The rod-shaped cells show partial acid-alcohol fastness. Colonies grown on LJ medium are scotochromogenic, 2 to 5 mm in diameter, smooth, and (in dense growth) slimy. When colonies are grown at 40 to 65"C, they are distinct and drier. The strain grows at temperatures between 30 and 65"C, tolerates 5% NaC1, does not utilize sugars, and is unable to take up iron and citrate. M. hassiacum is susceptible to streptomycin, ethambutol, cycloserine, ciprofloxacin, and clarithromycin but resistant to isoniazid, rifampin, and prothionamide. Positive for benzamidase, urease, nicotinamidase, pyrazinamidase, and a heat-stable catalase. The acid phosphatase activity is only weak. Negative for niacin, nitrate reductase, and hydrolysis of Tween 80, as well as acetamidase, succinamidase, and allantoinamidase. The 16s rRNA sequence demonstrates that this taxon is a novel species. Although its sequence has molecular signatures of thermotolerant and rapidly growing bacteria, the rapidly growing organism M. hassiacum seems to be phylogenetically near the slowly growing organism M. xenopi.
